In many excitatory synapses, synaptic zinc is co-released with glutamate to modulate 
Introduction

27
In many brain areas, including the neocortex, limbic structures, and the auditory brainstem, 28 glutamatergic vesicles are loaded with zinc (Danscher & Stoltenberg, 2005; Frederickson et al., expressed in CWCs and in the DCN molecular layer, which contains PF terminals (Wright et al., either L/HFS or high/low concentrations of DHPG.
inhibition of NMDARs
Pharmacological or electrophysiological induction of zinc plasticity is consistent with modulation 181 of presynaptic zinc levels, but postsynaptic modifications are also possible. Because PFs exhibit experiments where HFS was not applied, also consistent with previous results from DCN CWCs 205 (Anderson et al., 2015) . These results demonstrate that HFS-induced zinc plasticity reduces zinc-206 mediated inhibition of NMDARs. To determine whether this modulation shares the same 207 mechanism with the zinc plasticity evidenced by changes in the ZX1 potentiation of AMPAR
208
EPSCs, we tested whether Group 1 mGluR signaling is required. Indeed, application of MPEP 209 and LY367385 blocked the observed zinc plasticity (Fig. 6 C-D) , demonstrating that Group 1 210 mGluR signaling is required for HFS-induced plasticity of NMDAR zinc inhibition.
212
Finally, to control for potential non-specific effects of ZX1 on presynaptic zinc levels, perhaps 213 through redistribution of zinc levels in different cellular compartments, we tested the effect of ZX1 214 on DA-ZP1 fluorescence. Indeed, application of ZX1 10 min prior and during DA-ZP1 application 215 did not affect the fluorescence levels in the molecular layer of the DCN (Fig. 6 E) . This result
216
indicates that ZX1 does not affect presynaptic zinc levels, and is consistent with the notion that 217 changes in the ZX1 potentiation of EPSCs after L/HFS detect activity-dependent changes in 218 presynaptic zinc levels and signaling.
220
Together, our results indicate that pharmacological or synaptic activation of Group 1 mGluRs 221 causes bidirectional synaptic zinc plasticity. Synaptic zinc plasticity modulates zinc inhibition of DA-ZP1 fluorescence in the molecular layer, indicating reduced presynaptic zinc levels, compared 234 to slices from control, sham-exposed, mice (Fig. 7 A) . To test whether Group 1 mGluRs are 235 necessary for the sound-induced plasticity of zinc levels, we administered a systemic, blood brain 236 barrier-permeable Group 1 mGluR antagonist (AIDA, i.p., 2 mg/kg) twice: 30 min before and 1.5 237 hours after beginning the noise exposure. Slices from N.E. mice treated with AIDA did not show 238 changes in DA-ZP1 fluorescence (Fig. 7 A) , suggesting that inhibition of Group 1 mGluR activity 239 blocked the sound-induced reduction of presynaptic zinc levels. Moreover, because N.E. mice
240
given vehicle (saline) treatment showed normal reductions in zinc levels, and AIDA treatment in 241 sham-exposed mice caused no change in zinc levels ( Fig. 7 A) , these results suggest that Group 242 1 mGluR activation is necessary for sound-induced changes of presynaptic zinc levels, but does 243 not affect baseline zinc levels.
245
To test whether Group 1 mGluRs are required for sound-induced reductions in synaptic zinc 246 signaling, we quantified the ZX1 potentiation of AMPAR EPSCs in DCN slices from N.E. mice and 247 N.E., AIDA-treated mice (Fig. 7 B-C) . Consistent with previous studies (Kalappa et al., 2015) , and 248 the reduction of presynaptic zinc levels after noise exposure (Fig 7 A) , ZX1 potentiation was not 249 observed in slices from N.E. mice (Fig. 7 B-C) . However, in slices from N.E., AIDA-treated mice,
250
ZX1 potentiation was observed (Fig. 7 B-C) . Together, these results indicate that Group 1 mGluRs 251 are required for sound-induced plasticity of presynaptic zinc levels and zinc signaling.
252
Furthermore, although AIDA treatment blocked zinc plasticity in DCN PF synapses (Fig. 7 A-C),
253
it did not affect assays that are sensitive to presynaptic glutamate release probability, such as 254 paired-pulse ratio (PPR) and coefficient of variation (CV) analysis (Fig. 7 D) . This indicates that 255 mGluR-dependent zinc plasticity specifically modulates presynaptic zinc levels and zinc signaling, without affecting presynaptic glutamate signaling in PFs. Furthermore, AIDA treatment did not affect sound-induced hearing loss in N.E. mice, quantified using Auditory Brainstem Responses I), of auditory brainstem nuclei to the inferior colliculus (Waves II-V) in response to sound stimuli.
260
Elevated ABR thresholds indicate increased hearing thresholds. In N.E. mice, because no ABRs
261
were detected when recording from the exposed (ipsilateral) ear, we recorded ABRs from the 262 non-exposed (contralateral) ear (Fig. 7 E) . Moreover, similar ABR thresholds may be accompanied by differences in the suprathreshold response of Wave I, which could reflect 264 differential degeneration of the auditory nerve (Kujawa & Liberman, 2009 , 1996; Conn & Pin, 1997; Kim et al., 2008 (Zhang & Oertel, 1993; Manis et al., 1994; Tzounopoulos et al., 2004) .
418
Recording pipettes were filled with a potassium-based internal solution (except for 
450
To isolate mGluR-mediated plasticity, all LFS experiments were performed in the presence of 
515
presented at a rate of 18.56/sec using System 3 software package from Tucker Davis
516
Technologies, and ABRs were averaged 512 times and filtered using a 300-3,000 Hz bandpass 517 filter. ABR threshold was defined as the lowest stimulus intensity which generated a reliable Wave 518 1 in the response waveform. Wave 1 amplitude was measured as the peak-to-trough amplitude 519 of the first wave in the ABR waveform (latency ~2 ms), in response to 80 dB SPL clicks.
521
Drugs
522
All chemicals used for ACSF and internal solutions were purchased from Sigma-Aldrich. The 
